How children acquire knowledge of verb inflection is a long-standing question in language acquisition research. In the present study, we test the predictions of some current constructivist and generativist accounts of the development of verb inflection by focusing on data from two Spanish-speaking children between the ages of 2;0 and 2;6. The constructivist claim that children's early knowledge of verb inflection is only partially productive is tested by comparing the average number of different inflections per verb in matched samples of child and adult speech. The generativist claim that children's early use of verb inflection is essentially error-free is tested by investigating the rate at which the children made subjectverb agreement errors in different parts of the present tense paradigm. Our results show: 1) that, although even adults' use of verb inflection in Spanish tends to look somewhat lexically restricted, both children's use of verb inflection was significantly less flexible than that of their caregivers, and 2) that, although the rate at which the two children produced subjectverb agreement errors in their speech was very low, this overall error rate hid a consistent pattern of error in which error rates were substantially higher in low frequency than in high frequency contexts, and substantially higher for low frequency than for high frequency verbs. These results undermine the claim that children's use of verb inflection is fully productive from the earliest observable stages, and are consistent with the constructivist claim that knowledge of verb inflection develops only gradually.
Introduction
How children acquire knowledge of verb inflection is a long-standing question in language acquisition research (e.g. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] ). On the one hand, many constructivist proposals assume that children's knowledge of verb inflection develops only gradually. For example, Tomasello [9] argues that children's knowledge of verb inflection is initially tied to particular lexical items and only gradually becomes fully productive. On the other hand, many generativist proposals assume that children have productive knowledge of verb inflection from very early in development. For example, Wexler [10] argues that children know the inflectional properties of their language before they produce their first two-word combinations, and hence that children's use of inflectional morphology is fully productive from the earliest observable stages. These positions are obviously very different in principle. However, in practice, they are more difficult to distinguish than they might at first appear, particularly in a language like English, where the same zero-marked form of the verb can be used in a wide variety of different contexts. One way of distinguishing between them more clearly is to focus on data from more highly inflected languages like Spanish or Italian, which require the child to use one of a large number of different possible inflections every time a verb is produced. However, although there have been a number of studies of children learning Spanish and Italian, none of these studies have analysed children's use of inflectional morphology in sufficient detail to distinguish clearly between the two positions. Constructivist analyses have tended to focus on the apparent lexical specificity of children's early use of inflections. For example, Pizzuto and Caselli [12] report that children learning Italian initially use most of their verbs in only one form and take this as evidence that their knowledge of verb morphology is initially tied to particular lexical items. However, as Yang [13] points out, such lexically specific effects could be as much a reflection of the Zipfian [14] distribution of words in naturalistic speech as of limitations in the child's underlying knowledge. For example, it could be that the reason why most of children's verbs initially appear to be used in only one form is that most of the verbs used by the child occur so infrequently in the relevant speech samples that the chances of them occurring in more than one form are extremely low. In contrast, generativist analyses have tended to focus on the low overall frequency with which Spanish-and Italian-speaking children make inflectional errors. For example, Wexler [10] argues that the low frequency of subject-verb agreement errors in the data suggests that children's use of inflectional morphology is fully productive from the earliest observable stages. However, as Rubino and Pine [15] point out, the error rates on which such arguments are based are potentially misleading since they collapse together information about inflectional contexts that occur with very different frequencies. This means that it is possible for children to show very low overall error rates despite showing much higher error rates for particular inflections than would be predicted by Wexler's account.
In view of these problems, the aim of the present study is to conduct a stronger test of the predictions of some current constructivist and generativist accounts of the development of verb inflection. This will be done by focusing on a dense corpus of early child Spanish based on the spontaneous speech of two children: Juan and Lucía, recorded between the ages of approximately 2;0 and 2;6. The constructivist claim that children's early knowledge of verb inflection is only partially productive will be tested by comparing the average number of different inflections per verb in matched samples of child and adult speech. The generativist claim that children's early use of verb inflection is essentially error-free will be tested by investigating the rate at which the children made subject-verb agreement errors in different parts of the present tense paradigm. It should be noted at the outset that these analyses will not allow us to distinguish between all classes of constructivist and generativist models. This is because some generativist models assume a greater role for lexical learning than others. For example, Pinker's paradigm building account [16] does not predict that children's use of verb morphology will be fully productive from the earliest observable stages since it assumes that children construct morphological paradigms by abstracting over contrasting inflectional forms initially represented as unanalyzed wholes. However, they will allow us to test a class of generativist models that has been particularly influential over the past 20 years (e.g. [6, 10, 17, 18] ). These models assume that young children begin the process of morphological development with an abstract rule that checks the inflection of agreement-marked verb forms, and take the low frequency of subject-verb agreement errors in languages like Spanish and Italian as evidence in favour of this assumption (see [19] for an insightful discussion of the differences between Pinker's paradigm building approach and more recent generativist approaches).
Constructivist Models of the Development of Verb Inflection
A central assumption underlying constructivist models of the development of verb inflection is that children's knowledge of verb inflection develops gradually through a process of abstraction across instances in the input. This assumption is sometimes taken to predict that children's early use of verb inflection will be completely unanalysed and hence that any evidence of early generalisation from one form to another represents counterevidence to a constructivist position (e.g. [13, 17] ). In fact, however, since constructivist models typically do not specify at what point in development the process of abstraction begins, what constructivist models really predict is that knowledge of verb inflection will develop gradually, and hence that children's early knowledge of verb inflection will be only partially productive (i.e. will not generalise to all of the verbs in their vocabularies).
On the face of it, there appears to be a great deal of evidence that children's early knowledge of inflection is only partially productive. Thus, studies of the acquisition of verb morphology in English indicate that there is a long period in which children fail to use appropriate tense and agreement morphology in a considerable proportion of obligatory contexts [3] . Moreover, studies of the development of verb morphology in more richly inflected languages such as Italian and Spanish suggest that children's knowledge of verb inflection is initially tied to particular lexical items [12, 20] . When taken together, these results suggest that children's knowledge of verb inflection is considerably less productive than that of adults. However, there are several potential problems with this interpretation of the data.
The first problem is that it relies rather heavily on data from English-speaking children. However, because of its impoverished system of verb morphology, English is not a particularly good language for investigating the development of verb inflection. Thus, the vast majority of morphological errors in early child English involve the use of zero-marked verb forms in contexts that require a verb form that is overtly marked for tense and/or agreement (e.g. 'Yesterday we go to the park', 'Dolly want milk'). Such errors have traditionally been treated as cases of inflection drop. However, in more recent generativist accounts, they are analysed as Root Infinitive (RI) errors (i.e. cases in which the child uses a zero-marked infinitive in a finite context). Since, under this interpretation, zero-marking errors are not agreement errors as such (i.e. reflect the use of a non-agreeing rather than an incorrectly agreeing verb form), the high frequency of such errors in early child English does not constitute evidence against the productivity of children's early knowledge of inflection, and is perfectly consistent with the claim that children's knowledge of inflection is fully productive from the earliest observable stages [21] .
A second problem is that claims about the limited flexibility of children's knowledge of verb morphology typically ignore sampling considerations-and hence the possibility that the lexical specificity of children's early language use may be as much a reflection of the distributional properties of naturalistic speech samples as it is of the limited nature of children's underlying knowledge. Thus, the idea that limitations in the flexibility of children's use of a verb inflection reflect limitations in the productivity of their knowledge of verb inflection rests on the implicit assumption that competent speakers of the language make significantly more extensive use of the productive possibilities of the verb inflection system in their own spontaneous speech. In fact, however, this assumption is rather questionable since, given the lexical frequency statistics of natural languages, adults' use of verb inflection, like children's, is likely to be highly skewed towards high frequency words and inflections, such that most verbs are used so rarely that they are unlikely to occur in more than one form [13] . It follows that, before taking the low flexibility of young children's use of verb inflection as evidence of a lack of productivity, it is necessary to show that children's use of verb inflection is significantly less flexible than that of competent speakers subject to the same sampling limitations (e.g. by comparing the flexibility of children's and adults' use of verb inflection in matched speech samples).
A final problem is that, even to the extent that children's language use is less flexible than that of adults, differences in the flexibility of children and adults' language use are likely to be confounded with differences in lexical knowledge of particular inflections. Thus, generativist theories typically distinguish between abstract knowledge of inflection and lexical knowledge of the inflections of the particular language being acquired [6, 10, 22] . Moreover, since the inflections of particular languages clearly have to be learned, one way of explaining why young children use verbs with fewer different inflections than competent speakers is in terms of absence of knowledge of particular inflections. Indeed, Hyams [23] argues that the apparently gradual nature of the development of knowledge of inflection in Pizzuto and Caselli's Italian data [12] could easily be explained in terms of the gradual accumulation of lexical knowledge (i.e. knowledge of verb stems and knowledge of verb inflections) and is hence irrelevant to the claim that children have abstract knowledge of inflection. The implication is that, in order to show that young children's knowledge of verb inflection is less productive than that of competent speakers of the language, one would need to control not only for differences in sample size and vocabulary range, but also for differences in lexical knowledge of the relevant inflections (e.g. by restricting one's analysis to a fixed set of inflections, all of which were available to both the adult and the child from the point at which the analysis began).
In view of the above problems, one of the aims of the present study is to test the constructivist claim that children's early knowledge of verb inflection is only partially productive while controlling for some of the potential confounds in previous research. This will be done by adopting a novel approach to the assessment of productivity in which the number of different inflections per verb is compared in matched samples of child and adult speech. It should be noted that this comparative approach to productivity differs from traditional criterion-based approaches to productivity in two important respects. First, it treats productivity as a continuous dimension rather than as a binary distinction. That is to say, rather than assuming that knowledge is either unanalysed or productive, it allows for the possibility that the child's knowledge of particular inflections, and hence of the system as a whole, may be less than fully productive even when the child is able to use all of the inflections within the system productively to some extent. Second, it focuses on the question of how productive children's knowledge is rather than the question of when children's knowledge becomes productive. That is to say, it is designed to investigate whether children's use of verb inflection is significantly less flexible than one would expect if the system were fully productive, rather than to establish when particular verb inflections become partially or fully productive.
This kind of approach is obviously particularly well suited to the task of testing constructivist models of development. However, it also allows for a more direct comparison of constructivist and generativist models of the development of verb inflection than has been possible hitherto. This is because it allows one to contrast the constructivist prediction that children's early use of verb inflection will be less flexible than one would expect if their knowledge of the system were fully productive with the prediction implicit in generativist models that children's use of verb inflection will be as flexible as that of competent speakers of the language once one has controlled for differences in vocabulary range, sample size and knowledge of particular inflections (see [24] for a similar approach to investigating the early productivity of syntactic categories).
Generativist Models of the Development of Verb Inflection
A central assumption underlying many recent generativist models of the development of verb inflection is that children's early use of verb morphology reflects innately specified knowledge of agreement coupled with early knowledge of inflection. For example, Wexler [10] claims that 'At the earliest observable stage (from the time that the child enters the two-word stage around 18 months of age) the child knows the grammatical and phonological properties of many important inflectional elements in their language" (page 25). This assumption results in two critical predictions about children's early use of verb inflection. First, since knowledge of agreement does not have to be learned, children's use of the inflections that they know should be fully productive from the earliest observable stages. In other words, although children may not know all of the verb inflections of their language, they should, in principle, be able to use all of the verb inflections that they do know with all of the verbs in their lexicon. Second, since the child's knowledge of verb inflection is assumed to be adult-like from the beginning, children's use of verb inflection should be essentially error-free. In other words, children should not make subject-verb agreement errors in their early speech (or at least only in cases where they do not yet know the target inflection).
In principle, this kind of generativist model could be tested by focusing on either of these predictions. However, in practice, generativist analyses have tended to focus on the second prediction on the assumption that children could not show error-free performance unless they had fully productive knowledge of the system in question. For example, both Wexler [10] and Hoekstra and Hyams [6] review data on the rate at which children make subject-verb agreement errors in a number of different languages including Italian ( [12, 25] ) and Spanish ( [26] ). Since subject-verb agreement errors never occur at rates of more than 5%, they conclude that children have productive knowledge of verb inflection from the earliest observable stages.
On the face of it, the low rate of subject-verb agreement error in highly inflected languages would appear to provide strong evidence in favour of generativist models of the development of verb inflection. It is certainly difficult to see how a child with only partially productive knowledge of verb inflection could avoid making subject-verb agreement errors in these languages, since they require the child to use one of several different possible inflections every time a verb is produced. In fact, however, the error rates on which generativist claims about subject-verb agreement are based are subject to two methodological problems that make them difficult to interpret.
The first problem is that these error rates collapse together information about inflectional contexts that occur with very different frequencies. This means that it is possible for children to show very low overall error rates despite showing much higher error rates in low frequency contexts than would be predicted by generativist models. For example, Rubino and Pine [15] report data on a child learning Brazilian Portuguese (a Romance language similar to Spanish), in which the overall rate of subject-verb agreement error was only 3%. However, this figure collapsed together error rates of 0.5% in high frequency third person singular (3sg) contexts and 43.5% in low frequency third person plural (3pl) contexts.
The second problem is that these error rates collapse together information about high and low frequency verbs, and fail to control for the frequency with which different verbs are produced by the child. This means that different verbs contribute different numbers of tokens to the overall error rate, and hence that the overall error rate is much more sensitive to the level of error on high frequency than on low frequency verbs. The implication is that the low overall error rate may hide much higher error rates on low frequency verbs [27] .
In view of these problems, the second aim of the present study is to test the claim that children's early use of verb inflection is essentially error-free by conducting a detailed analysis of the pattern of subject-verb agreement errors in early child Spanish. This will be done by investigating the rate at which the children made subject-verb agreement errors in different parts of the paradigm (e.g. in 3sg versus 3pl contexts), and with different verbs (i.e. with high frequency versus low frequency verbs).
This approach clearly allows for a much stronger test of the generativist claim that young children's use of verb inflection is essentially error-free than has been conducted hitherto. However, it also allows for a more direct comparison of generativist and constructivist models of the development of verb inflection. This is because it allows one to contrast the generativist prediction that children's early use of verb inflection will be essentially error-free with the prediction implicit in constructivist models that low overall error rates will hide pockets of high error in low frequency parts of the system that reflect systematic gaps in children's partially productive knowledge. It is sometimes argued that modern constructivist models do not predict high error rates in children's early language (e.g. [9] ). However, this argument relies on the assumption that children are restricting their use of lexical items (particularly verbs) to the contexts in which they have heard them used in the input. This may be a reasonable assumption when analysing children's use of verb argument structure, where young children do appear reluctant to use verbs in transitive structures that they have only heard used in intransitive structures [28, 29] . However, it is much less plausible when analysing children's use of verb inflection, where errors could only be avoided if the child were to restrict her use of the verb forms she knew to the inflectional contexts in which she had heard them. For example, a Spanish child who had only heard the verb Querer (Want-INF) used in second person singular (2sg) contexts could only avoid making errors by restricting her use of Querer to 2sg contexts. One reason to doubt that young children restrict their verb use in this way is that, although caregivers tend to produce more 2sg than 1sg forms in their child-directed speech, young children tend to produce more 1sg than 2sg forms [30] . We therefore assume that constructivist models do predict inflectional errors, but only in contexts that require children to produce verb forms that they have not fully learned, and which they cannot generate on the basis of their partially productive knowledge of the system (i.e. in low frequency contexts and on low frequency verb forms that share little similarity with the high frequency forms that the child has already learned). The critical difference between current generativist and constructivist models is thus that, whereas generativist models predict essentially error-free use of verb inflection from the beginning, constructivist models predict pockets of high error in low frequency parts of the system, particularly during the early stages.
To summarise, the aim of the present study is to conduct a strong test of the predictions of some current constructivist and generativist accounts of the development of verb inflection. The constructivist claim that children's knowledge of verb inflection is only partially productive will be tested by comparing the average number of different inflections per verb in matched samples of adult and child speech. The generativist claim that children's early use of verb inflection is essentially error-free will be tested by investigating the rate at which the children made subject-verb agreement errors in different contexts and with different verbs.
It should be noted that, when testing these predictions, focusing on Spanish has two obvious advantages over focusing on English. First, Spanish has a much richer system of verb inflection than English, in which each verb can occur with up to 40 different inflections (see [31] for a detailed description of Spanish verb morphology). More specifically, whereas English has only one overt present tense inflection (3sg -s), and hence often does not require the child to produce an overtly inflected verb form, Spanish has 6 different present tense inflections, one of which is required every time a verb is produced in the present tense (see Table 1 for an outline of the Spanish system of present tense verb inflection). This means that, in principle, it is easier to detect both a) lack of productivity and b) high rates of subject-verb agreement error in early child Spanish than it is in early child English.
Second, since, in contrast to English, all present tense forms in Spanish are readily distinguishable from the infinitive, differences between the child and the adult, or developmental changes in the child's data, cannot be explained in terms of an RI stage in which the child uses zero-marked non-finite verb forms in finite contexts. In view of the difficulties that young children can have producing /r/ in word-final contexts, it might be thought that, in practice, 3sg present tense forms such as mira and infinitive forms such as mirar might be more difficult to distinguish than they appear on paper. In fact, however, this is not the case, since, in Spanish, the last syllable of infinitive forms is stressed, whereas the last syllable of 3sg forms is unstressed. The dropping of word-final /r/ from infinitives would therefore result in forms such as mirá, which would be readily distinguishable from 3sg forms such as mira. Verb forms such as mirá were not observed in the present corpus. It follows that, sampling considerations and lexical learning aside, there is no reason, from a generativist perspective, why young Spanishspeaking children's use of verb inflection should appear any less flexible or any more errorprone than that of fully competent speakers. That is to say, once Spanish-speaking children have learned a particular set of verbs and a particular set of inflections, their use of those inflections with respect to those verbs should be a) as flexible and b) as free of errors as that of older children and adults.
Method
The present study represents an attempt to conduct a detailed analysis of the flexibility and accuracy of the use of verb inflection in early child Spanish. This will be done by focusing on a dense corpus of early child Spanish based on the spontaneous speech of two children: Juan and Lucía. In the first part of the method section, we describe the properties of this corpus. In the second part of the method section we describe the methodology used to measure the flexibility and accuracy of the children's use of verb inflection.
The Aguado-Orea and Pine corpus
The dataset used in the study is a corpus of early child Spanish collected by the first author as part of his PhD research at the University of Nottingham, UK [32] . This dataset consists of naturalistic samples of speech from two Spanish children and their parents living in the Madrid area recorded longitudinally over a period between the ages of approximately 2;0 and 2;6. This period was chosen because previous longitudinal studies had shown that Spanish children start producing verbs within two word sentences at around the age of 2;0 (e.g. [33] ), and that the following six months are typically a period of considerable growth in inflectional complexity [34] . The Aguado-Orea and Pine corpus is now publically available as part of the CHILDES database [35] . 2.1.1. Participants. Participants in the study were recruited through announcements made in Spanish-speaking e-mail lists for professionals interested in paediatrics, educational psychology, linguistics, language pathology and related disciplines. Children were selected on the basis that their families spoke the dialect of Spanish used in the Madrid area. A questionnaire was also given to parents interested in the study to screen out particularly slow language learners. This questionnaire was adapted by the first author from the Mexican-Spanish version of the MacArthur Communicative Development Inventory [36] , and was used to check that the early verb use of the children selected fell within the normal range. Two children were selected on this basis: Juan and Lucía. Juan was a first-born boy whose family lived in the Madrid area. He participated in the study between the ages of 1;10.21 and 2;5.29. Both of his parents were monolingual Spanish speakers with higher degrees. Lucía was a first-born girl whose family also lived in the Madrid area. She participated in the study between the ages of 2;2.25 and 2;7.15. Both of her parents were monolingual Spanish speakers with higher degrees.
Ethics Statement This study was approved by the Research Ethics Committee at University of Nottingham. According to the guidelines of this committee, written consent was obtained from the main caregivers for both children participating in the study. All signed consent forms are kept by the first author.
2.1.2. Recording and Transcription. The Aguado-Orea and Pine corpus consists of naturalistic data recorded by Juan and Lucía's parents without the presence of an investigator. Sessions were video-recorded in the home using a digital camcorder with a small tripod. The parents were given some basic recording guidelines (e.g. avoid noisy backgrounds and try to record 'varied' and 'interactive' situations), but were told that the main aim of the study was to collect as large and as 'natural' a sample of their child's spontaneous speech as possible. Juan and Lucía's parents typically recorded 2 or 3 sessions per week, with each session lasting between 20 and 40 minutes (M = 29 minutes for Juan and M = 29 minutes for Lucía). The resulting corpora included 1930 minutes for Juan (61 minutes per week on average) and 1387 minutes for Lucía (68 minutes per week on average).
Recordings were transcribed according to the CHAT conventions of the CHILDES system [35] . An additional coding tier was also added to the corpus. This tier was similar to the standard %mor line, but included additional information about verb morphology (e.g. the conjugation of the verb and whether the verb suffix was regular or irregular). Children's imitations and self-repetitions were labelled and excluded from the analyses, as were utterances containing unclear or unintelligible segments. Songs, stories and routines were also labelled and excluded.
2.1.3. Properties of the Aguado-Orea and Pine corpus. An overview of the properties of the Aguado-Orea and Pine corpus is provided in Table 2 . This table includes data on the total number of utterances provided by all six participants, the number of utterances with verbs, and the percentage of utterances that included verbs (in brackets). The corpus differs from other corpora of early child Spanish in two important ways (see [37] for a review of these corpora). First, the adult participants in the study were Juan and Lucía's fathers rather than their mothers, although the children's mothers were also frequently present when the recordings took place. This was simply because, for both children, the father was the primary caregiver, and was at home with the child throughout the day while the mother was out at work. Some studies have found differences in the characteristics of maternal and paternal speech to language learning children (see [38] for a review). However, given that adult data are only used in the present study to provide control measures against which to compare the child measures, there is no reason to believe that such differences had any impact on the results reported below.
Second, and more importantly, because recordings were made very frequently over a relatively short period of time, the Aguado-Orea and Pine corpus is much denser than any previous corpus of early child Spanish. Thus, Juan and Lucía's corpora not only contain 100% and 35% more child utterances, respectively, than the next largest corpus of early child Spanish (the López Ornat corpus), but were also recorded over a much shorter period of time (6 months as opposed to 28 months), with the result that they contain far more utterances from the relevant period of development (i.e. the first half of the third year). These corpora therefore allow us to conduct a much more powerful test of claims about the flexibility and accuracy of children's early knowledge of verb inflection than any previous corpus of early child Spanish.
Productivity Analyses
The main aim of the productivity analyses was to test the constructivist claim that Spanishspeaking children's early knowledge of verb inflection is only partially productive while controlling for a number of factors that could potentially explain the apparently limited flexibility of children's early use of verb morphology. This was done by calculating the number of different inflections per verb and comparing this with the number of different inflections per verb in matched samples of adult speech using paired-sample t-tests. All of these analyses focused only on verb tokens that were used correctly in context (the only exception to this rule was over-regularisation errors involving one of the 6 present tense inflections; since such errors clearly reflect the attempt to inflect a verb with the appropriate suffix, they were treated in the same way as correct present indicative verb forms and included in the analysis). They also focused only on verb stems inflected with one of the 6 present tense indicative inflections. All other verb forms were excluded from the analysis. Thus, the minimum possible level of productivity for both children and adults was 1 inflection per verb and the maximum possible level of productivity was 6 inflections per verb.
Adult-child comparisons were made by comparing the number of different inflections per verb in the speech of each child and his or her father while controlling for differences in vocabulary range, sample size and knowledge of particular inflections. Vocabulary range was controlled by restricting the analysis to verb stems that occurred at least twice in both the child and the relevant adult's speech samples. Sample size was controlled by randomly sampling from the adult data the same number of verb tokens as was present in the child data. Sampling was conducted with replacement to guard against the possibility that drawing instances from a progressively decreasing pool of items might boost the number of different forms in the adult samples, and the measures derived in this way were based on average scores for 25 iterations of the sampling procedure to ensure their reliability. Finally, since first person plural (1pl) and second person plural (2pl) forms did not occur until relatively late in the children's corpora, knowledge of particular inflections was controlled by restricting the analysis to 1sg, 2sg, 3sg and 3pl inflections beginning at the point at which the child had produced all of the relevant 1sg, 2sg, 3sg and 3pl suffixes in his or her speech. Controls for sampling differences and knowledge of particular inflections were applied cumulatively (i.e. by first controlling for vocabulary range and sample size, and then controlling for knowledge of particular inflections, vocabulary range and sample size), so that in the most restricted case, child and adult measures were compared while controlling for vocabulary range, sample size and knowledge of particular inflections all at the same time.
Error Analyses
The main aim of the error analyses was to conduct a strong test of the generativist claim that Spanish-speaking children's early use of verb inflection is essentially error-free by calculating error rates separately for different parts of the verb system. Error analyses were restricted to children's use of verb forms in present tense contexts and error rates were calculated in terms of the context to be filled as opposed to the form used (though see below). For example, the 1sg error rate was calculated as the percentage of 1sg contexts that were filled with a non-1sg verb form. The verb Ser (to Be) was excluded from the analysis on the grounds that, because it is highly irregular, any errors involving this verb would be difficult to interpret since they could simply reflect ignorance of the appropriate irregular form (in practice the patterning of errors with Ser was similar to that with other verbs, with by far the most common error being the use of the third person singular form in third person plural contexts).
Inflectional errors by person and number.
Analyses of inflectional errors by person and number were conducted by breaking down the present tense contexts produced by the child into 1sg, 2sg and 3sg, and 1pl 2pl and 3pl contexts, and calculating separate error rates in each case. Since Spanish is a null subject language, it is not always possible to identify the intended subject of the verb. Errors were therefore only coded when the person and number of the intended subject could be clearly identified on the basis of the discourse context. In order to control for the possibility that it might be easier to recover person and number information (and hence to identify errors) in some contexts (e.g. 3pl) than in others (e.g. 3sg), the analysis of the full dataset was followed up by an analysis restricted to verbs with overt subjects. For both children, the analyses based on the full and the restricted datasets revealed very similar patterns of results. Reliability was also assessed by having a second independent rater code all of the verb tokens in 10% of each of the children's transcripts for both the target context and the identity of the inflection produced. Inter-rater reliability expressed as percentage agreement was 99% (kappa = 0.99) 2.3.2. Inflectional errors by verb frequency. Analyses of inflectional errors by verb frequency were conducted by identifying the three verbs that occurred most frequently for each child in first person singular, second person singular and 3pl contexts, and calculating separate error rates for these verbs, and for the remaining verbs in each child's corpus. The rationale for focusing on the three most frequent verbs in each case was that, since Lucía only used three verbs more than once in 3pl contexts, three was the highest number that could be used that would still allow a comparison to be made in all three cells for each of the two children.
2.3.3. Inflectional errors by form produced. A final analysis considered which form of the verb the children used in those inflectional errors that they did produce. There is some suggestion in the previous literature that the majority of agreement errors that occur in early child Spanish involve the incorrect use of the 3sg present tense form in non-3sg contexts (e.g. [39, 40] ). This finding has been interpreted by some generativists as evidence that the 3sg functions as a non-finite form (or RI analogue) for the Spanish-speaking child (e.g. [41] ). However, the 3sg is not only the most frequent form in both child and adult Spanish, but also the most phonologically prototypical form in the present tense paradigm (in the sense that it consists of the verb stem plus a thematic vowel, the identity of which is determined by the particular conjugation to which the verb belongs: -a for -ar verbs and -e for -er and -ir verbs). Children's tendency to overuse 3sg forms is therefore also consistent with the constructivist hypothesis that children default to the most strongly represented form of the verb when they are unable to generate the correct form for a particular context.
Results
The results of the present study are divided into two sections. In the first section we present a series of productivity analyses designed to test the constructivist claim that children's knowledge of present tense verb inflection is less than fully productive. In the second section, we present a series of error analyses designed to test the generativist claim that children's early use of verb inflection is essentially error-free. Table 3 presents data on the use of present tense inflections by Juan and Lucía and their fathers in the Aguado-Orea and Pine corpus. The upper part of Table 3 (Analysis A) includes data on all 6 present tense inflections (1sg, 2sg, 3sg, 1pl, 2pl and 3pl). These data provide an index of the extent to which the children and their caregivers made use of the productive possibilities of the Spanish system of present tense verb inflection in their interactions over the course of the study.
Productivity Analyses
It can be seen from these data that, although, in principle, each Spanish verb can be used with 6 different present tense inflections, the average number of inflections with which verbs are actually used by the two children is closer to 1 than it is to 6 (1.84 for Juan and 1.64 for Lucía), with both children using more than half of the verbs they produced with only one inflection (53.5% for Juan and 62.5% for Lucía). These data could be taken as evidence that Spanish children's use of verb inflection is less than fully productive during the early stages. However, it is clear from Table 3 that the adult figures are also closer to 1 than they are to 6, with both adults using around half of their verbs with only one inflection, and neither of them Development of Verb Inflection producing verbs with an average of more than 2.15 different inflections. This pattern of results is consistent with the claim that the lexically-specific look of children's early use of verb inflection is at least partly a result of the Zipfian distribution of verbs in naturalistic speech [13] , and underlines the need to consider the flexibility with which adults use verb morphology in their spontaneous interactions before taking the low flexibility of young children's usage as evidence of a lack of productivity. The middle part of Table 3 (Analysis B) presents data on the number of inflections per verb in the children and caregivers' speech controlled for vocabulary range and sample size. It can be seen from these data that the vocabulary range and sample size controls (particularly the decision to restrict the analysis to verbs for which there were at least two tokens in both the child and adult samples) have a substantial effect on the percentage of verbs that occur in only one form in both the child and adult data (resulting in a reduction of approximately 20% in each case). This pattern of results is consistent with the idea that the very high percentages reported in Analysis A are a reflection of the Zipfian distribution of verb forms in the child and adult data. However, it is also clear from Analysis B, that the vocabulary and sample size controls have little effect on the difference between the child and adult measures, with the child measures remaining substantially lower than those of their respective caregivers (M = 2.27 versus M = 2.64 for Juan and M = 1.95 versus M = 2.36 for Lucía). These differences were analysed using paired-sample t-tests, which revealed that both Juan and Lucía produced significantly fewer inflections per verb than their caregivers (t 92 = 4.48, p<.001, two-tailed for Juan and his Caregiver; and t 42 = 3.15, p = .003, two-tailed for Lucía and her Caregiver). The implication is that the apparently limited productivity of Juan and Lucía's use of verb inflection cannot be explained entirely in terms of the Zipfian distribution of verbs in naturalistic speech, and that both children's knowledge of verb inflection is less than fully productive during the early stages.
The results presented so far are consistent with the constructivist claim that children do not have adult-like knowledge of verb inflection during the early stages. However, an alternative way of explaining the difference between the children and their caregivers that is consistent with a generativist position is in terms of differences in children and adults' lexical knowledge of particular present tense inflections. The inflections of any particular language clearly have to be learned and, although some generativists (e.g. [10] ) claim that children have mastered all the basic inflections of their language before they start to produce multi-word speech, it is obviously also possible that there is a stage in children's early production when they are operating with only a subset of these basic inflections. The apparently limited nature of children's early use of verb morphology may thus reflect ignorance of one or more of the inflections of the present tense system rather than the limited productivity of those inflections that the children are actually using. That is to say, it is possible that, although young Spanish-speaking children have yet to learn some of the inflections of the present tense paradigm, their use of those inflections that they have learned is nevertheless fully productive from the outset.
An obvious way of investigating this possibility is to restrict the analysis to a period beginning at the point at which the relevant child has already been shown to use all of a particular set of inflections in his or her speech. The lower part of Table 3 (Analysis C) presents the results of such an analysis (again controlled for vocabulary range and sample size). Note that this analysis is based on only 4 of the 6 possible present tense inflections (i.e. 1sg, 2sg, 3sg and 3pl), since the remaining inflections (i.e. 1pl and 2pl) did not appear until relatively late in both children's corpora, which explains why the means for both the child and adult measures are lower than the means reported in Analysis B.
It is clear from these data that, despite the more targeted nature of the analysis, there is still a difference between the number of inflections per verb in the speech of both children and their respective caregivers (M = 2.11 versus M = 2.31 for Juan and M = 1.79 versus M = 2.11 for Lucía) These differences were analysed using paired sample t-tests, which showed that both Juan and Lucía produced significantly fewer inflections per verb than their caregivers (t 80 = 2.84, p = .006, two-tailed for Juan and his Caregiver; and t 34 = 2.61, p = .013, two-tailed for Lucía and her Caregiver). The implication is that the apparently limited productivity of Juan and Lucía's use of verb inflection cannot be explained in terms of a lack of lexical knowledge of one or more of the relevant inflections, and hence that these children's knowledge, even of those inflections that they are actually using in their spontaneous speech, is less than fully productive. Table 4 presents data on the rate of subject-verb agreement errors in present tense contexts in Juan and Lucía's speech broken down by person and number. In each case, errors were coded as incorrect attempts to fill a (present tense) context. For example, a 1sg error was an error involving the use of a non-1sg form in a 1sg present tense context.
Error Analyses
It can be seen from Table 4 that, consistent with the findings of previous generativist work in this area, the overall rate of subject-verb agreement errors is very low (less than 5% for both children). However, it can also be seen that this low overall error rate hides very different error rates in different parts of the system. Indeed, it appears to reflect an interaction between differences in the rate at which errors occur in different contexts (<1% for 3sg versus 30 to 50% for 3pl contexts), and the highly skewed distribution of contexts in the children's speech (>50% of the data for 3sg contexts versus < 10% of the data for 3pl contexts). These results show that the generativist claim that children's use of subject-verb agreement is essentially error-free is empirically false, and reflects a failure to analyse the data at a sufficient level of detail. They also reveal a consistent pattern of error rates across the two children (where 3pl > 2sg > 1sg > 3sg). This pattern was analysed statistically by comparing each of these 4 error rates with each other using Chi-square (and Fisher's Exact tests, where one or more of the expected values was less than 5). All of these comparisons were statistically significant for both children (all ps < .02, two-tailed). The consistency in the pattern of error rates across the two children suggests real differences in the children's knowledge of different parts of the present tense paradigm. However, one possible objection to this conclusion is that, because Spanish is a null subject language in which the subject of the verb is often left unexpressed, it might be easier to identify errors in some parts of the system than others-and that it might be this factor rather than differences in the children's underlying knowledge that was driving the consistent pattern of error across the paradigm. In order to investigate this issue, an additional analysis was run on a subset of the data restricted to utterances with overt subjects. The results of this analysis are presented in Table 5 , from which it can be seen that the pattern of errors in this more restricted dataset is very similar to that in the data for the children as a whole. Indeed, if one focuses on the error rates for 1sg, 2sg, 3s and 3pl, which are the only contexts that occur sufficiently often with overt subjects in either child's data, there is a very high rank order correlation between the error rates presented in Table 4 and the error rates presented in Table 5 (R s = 0.97, N = 8, p<.001, two-tailed). The implication is that the profile of errors across the different cells of the present tense paradigm is a real phenomenon that reflects differences in the children's mastery of different parts of the system.
One obvious explanation of this pattern of errors is that the rate at which children achieve mastery of the relevant inflections is related to the frequency of those inflections in the input. Thus, of the four contexts for which it is possible to calculate reliable error rates, 3sg is by far the most frequent and 3pl is the least frequent. However, it is important to note that although 1sg contexts are much more frequent than 2sg contexts in the child's speech, they are actually less frequent than 2sg contexts in the input. The higher error rate in 2sg than 1sg contexts therefore cannot be explained in terms of input frequency.
The error rates reported in Tables 4 and 5 clearly suggest a more differentiated pattern of error than that predicted by current generativist accounts. They are also broadly consistent with the view that the rate at which errors occur is negatively related to the frequency with which different contexts occur in the input. However, it is important to recognise that even these error rates have the potential to hide more subtle patterns of error by collapsing together data from high and low frequency verb forms. We have already seen how the Zipfian distribution of verbs in naturalistic speech tends to exaggerate the lexically-specific nature of children's early use of inflection. However, another consequence of the Zipfian distribution of lexical items is that it means that error rates that collapse across different verbs are likely to be particularly sensitive to the influence of high frequency items. This effect has the potential to hide pockets of high error with respect to low frequency items, particularly if high frequency items are more likely to be used correctly (e.g. because they occur in over-learned contexts). Fig. 1 shows how Juan and Lucía's production of 1sg, 2sg and 3pl contexts is distributed with respect to particular lexical verbs. It is clear from Fig. 1 that, in all cases, a relatively small number of high frequency verb forms make up a relatively large proportion of the data. This is particularly true for 1sg forms, where, for both Juan and Lucía, a single form: Quiero (Want1sg) accounts for over 50% of 1sg contexts. Table 6 shows how the distributions presented in Fig. 1 impact on error rates, by contrasting error rates based on the three highest frequency verbs in each cell and error rates based on the remaining verbs in each cell. Although the size of the differences varies considerably across cells, in all 6 cases, the error rates based on the three highest frequency verbs are lower than the error rates based on the remaining verbs (a difference which is significant by a Sign Test at p = 0.03, two-tailed). More importantly, it is clear that the children's strong performance with respect to a handful of high frequency verbs often hides much weaker performance with respect to lower frequency verbs. Moreover, this is true not only for contexts in which the overall error rate is high (e.g. 3pl), but also for contexts which, in the previous analysis, appeared to be largely error-free (e.g. 1sg). These findings highlight another way in which the uneven distribution of contexts in naturalistic speech can disguise weaknesses in children's knowledge of verb inflection, and provide further evidence against the claim that young children already have adultlike knowledge of verb inflection.
All of the error analyses presented so far have focused on how the children's errors are distributed across different present tense contexts. However, a final question that is also relevant to our understanding of the children's use of verb inflection is the question of which form of the verb the children tend to produce when they make an agreement error. An analysis of the errors reported in Table 4 revealed that the vast majority of both of the children's errors (83.6% in the case of Juan and 92.0% in the case of Lucía) involved the use of a 3sg form. This finding is consistent with the previous literature on early child Spanish. It is also consistent with the idea that the children are defaulting to the most strongly represented form of the verb when they are unable to generate the correct form for a particular context.
Discussion
The aim of the present study was to evaluate some current constructivist and generativist accounts of the development of verb inflection by focusing on data from a rich corpus of early child Spanish. The former were evaluated by testing the constructivist claim that children's early use of verb inflection is less than fully productive. The latter were evaluated by testing the generativist claim that children's use of subject-verb agreement is essentially error-free.
Our analyses of the productivity of children early use of verb inflection showed that, although even adults' use of verb inflection in Spanish tended to look somewhat lexically restricted, children's use of verb inflection was significantly less flexible than that of their caregivers. This effect was found even after controlling for verb vocabulary, sample size and knowledge of the relevant inflections, and hence cannot be explained in terms of sampling considerations or differences in lexical knowledge.
Our error analyses showed that, although the rate at which the two children produced subject-verb agreement errors in their speech was very low, this overall error rate hid a consistent pattern of error in which error rates were substantially higher in low frequency than in high frequency contexts, and substantially higher for low frequency than for high frequency verbs. These results undermine the claim that young children's early use of subject-verb agreement is essentially error-free, and are consistent with the prediction implicit in constructivist models that low overall error rates will hide pockets of high error in low frequency parts of the system that reflect systematic gaps in children's partially productive knowledge. They thus provide converging evidence in favour of the view that the children's early knowledge of verb inflection is less than fully productive.
Of course, it is important to acknowledge that these results are based on data from only two Spanish-speaking children, and hence may not generalise to the all Spanish-speaking two-yearolds. On the other hand, they are remarkably consistent across the two children, with both children showing the same deficit in productivity relative to their caregiver, the same pattern of differences in error rate across the present tense paradigm, and the same tendency to produce errors involving the incorrect use of 3sg forms. When taken together, these findings have a number of implications for the field as a whole. First, they underline the need to take account of the distributional properties of naturalistic speech samples when investigating the productivity and accuracy of children's early use of verb inflection. Thus, as Yang points out [13] , an important feature of naturalistic speech samples is that they tend to conform to a Zipfian frequency distribution, where frequency decreases sharply as a function of rank order, such that a small number of items occur with relatively high frequency, but the vast majority occur with very low frequency. This feature of naturalistic speech has obvious implications for previous constructivist analyses of the development of verb inflection (e.g. [12, 20] ), which have tended to emphasise the fact that many of the verbs in children's early speech samples occur with only one of a range of possible inflections. This is because many of the verbs in naturalistic speech samples occur so infrequently that even adult caregivers fail to produce them with more than one inflection. The implication is that measures of the flexibility of children's use of verb inflection can only be meaningfully interpreted with reference to some kind of baseline measure of the level of flexibility that would be expected from a fully competent speaker. Interestingly, however, it also has implications for previous generativist analyses, which have tended to emphasise the very low rate at which inflectional errors occur. This is because the frequency with which particular inflectional contexts and particular verbs occur in children's speech is so skewed that the overall rate at which inflectional errors occur tells us very little about the accuracy of children's use of most of the inflections in the paradigm, or of most of the verbs in their vocabularies. The implication is that error analyses can only be meaningfully interpreted if they provide detailed breakdowns of children's use of verb inflection by context and lexical item. Second, our results suggest that, provided one collects sufficiently detailed data from a sufficiently targeted period of development, naturalistic data can be a very useful source of information about children's early knowledge of inflection, at least in relatively highly inflected languages such as Spanish and Italian. Thus, the data collected in the present study were not only rich enough to allow us to measure differences in the flexibility of children's and adults' use of verb inflection, but also to identify reliable pockets of error (i.e. pockets of high error based on a relatively large number of relevant contexts), and reliable patterns of error (i.e. patterns of error that were consistent both across children and across utterances with and without overt subjects). These patterns clearly have the potential to inform models of the development of verb inflection, not only by highlighting the effect of factors such as frequency on the accuracy of children's use of verb inflection, but also by identifying areas of weakness in children's knowledge of the verb paradigm, which could be used to examine the role of other potential factors in the future. For example, one of the predictions implicit in current constructivist approaches is that children's early knowledge of verb inflection will generalise probabilistically to verbs that the child has not heard inflected in a particular way on the basis of their similarity to forms that the child has heard inflected in that way. One way of testing this hypothesis would be to focus on 3pl contexts (where the error rate is high), and attempt to elicit low frequency forms that vary in terms of their semantic and/or phonological similarity to forms that the child knows. The prediction would be that children will produce fewer errors on low frequency verbs that are phonologically and/or semantically similar to 3pl forms that they know than they will on low frequency verbs that are phonologically and/or semantically dissimilar to such forms.
Third, our results suggest that, even in a language like Spanish, where the present tense paradigm is mastered relatively quickly, the development of verb inflection is a gradual process (i.e. a process that reflects probabilistic learning and generalisation rather than the instantaneous mapping of particular inflections to particular cells in a pre-given paradigm). This conclusion is clearly consistent with constructivist models of the development of verb inflection. The challenge for such models is to provide explanations of the pattern of productivity and error in young children's speech that can be tested in future research. For example, one interesting feature of the subject-verb agreement errors identified in the present study is the fact that the vast majority of these errors (83.6% in the case of Juan and 92.0% in the case of Lucía) involved the use of a 3sg form in a non-3sg context. 3sg forms are not only the most frequent forms in both child and adult Spanish, but also the most phonologically prototypical forms in the present tense paradigm. This pattern of results can therefore be explained relatively easily on the basis that the children are defaulting to the highest frequency and/or most phonologically prototypical form in the input when they are unable to generate the correct form for a particular context (see [42] for evidence of a similar process operating in early child English).
A second interesting feature of the pattern of errors is the fact that both children made more errors in 2sg contexts than in 1sg contexts, despite the fact that the latter, although more common in the children's speech, were less common in the speech of their caregivers. This effect is more difficult to explain in input-driven terms. However, one possibility is that 1sg contexts are protected from error in Spanish by the phonological distinctiveness of the target form (which does not contain a thematic vowel and hence is inflected in the same way across different verb conjugations). Another is that, despite their relatively low frequency in the input, 1sg contexts are particularly salient to language-learning children for pragmatic reasons, with the result that children learn and generalise across 1sg forms more readily than one would predict on the basis of input frequency alone (see [30] for a similar explanation of the pattern of auxiliary omission in early child English). Which of these explanations provides a better fit to the data is obviously a question for future research.
Finally, it is worth noting that, although consistent with constructivist models of the development of verb inflection, our results are not necessarily inconsistent with generativist approaches, provided that these approaches incorporate a role for probabilistic learning. For example, one generativist account that is consistent with the results of the present study is Pinker's paradigm-building model [16] . This account is consistent with generativist theory, since it depends on the interaction between innate principles, such as the Unique Entry Principle, and exposure to contrasting inflectional forms in the input. However, since these contrasting forms are initially represented as unanalysed wholes, it also has the potential to explain the probabilistic nature of children's early patterns of generalisation. Pinker's account can be contrasted with an alternative possibility that is also consistent with generativist theory, which is the idea that the 3sg form is a default form, which is used by Spanish-speaking children when Agreement fails or is absent from the underlying representation of the sentence (e.g. [40, 41] ). Although this kind of account has the advantage that it is able to explain why children's errors tend to involve the incorrect use of 3sg forms, it does not include a role for probabilistic learning, and so has no ready explanation for the consistent pattern of differences in the rate at which such errors occur across the present tense paradigm.
To summarise, in the present study, we have presented analyses of both the productivity and accuracy of two Spanish-speaking children's use of verb inflection, which show that the claim that children's knowledge of verb inflection is fully productive from the earliest observable stages is empirically false. Future work in this area, whether generativist or constructivist, should therefore focus on explaining developmental changes in the productivity and accuracy of children's use of verb inflection rather than assuming that adult-like knowledge of verb inflection is already in place. One way of doing this is to collect naturalistic corpora that are sufficiently rich to allow the kind of detailed analyses reported here. Another is to use elicitation techniques to 'zoom in' on areas of weakness in the child's use of verb inflection (which tend to be under-represented in naturalistic corpora because of their low frequency), and use the resulting pattern of errors to make inferences about the nature of the learning process.
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